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INTRODUCTION 

Growing shor tages  of p ipe l ine  gas and t h e  inc reas ing  need t o  improve methods of 
w a s t e  d i sposa l  i n  o rde r  t o  minimize environmental problems prompted t h e  Bureau of Mines 
t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  of convert ing s o l i d  w a s t e s  t o  p i p e l i n e  qua l i t y  gas  by 
d i r e c t  hydrogas i f ica t ion .  
t h a t  t h i s  means of  d i spos ing  of municipal s o l i d  was te  may, f o r  l a r g e r  mun ic ipa l i t i e s ,  
no t  only provide t h e  lowest  cos t  means of d i spos ing  of t h e  s o l i d  waste bu t  a l s o  provide 
a supplementary source  of  p i p e l i n e  gas a t  a p r i c e  lower than supplementary gas from 
o the r  sources .  

A f e a s i b i l i t y  s tudy  has  been published1’2 t h a t  i nd ica t e s  

Of a l l  t h e  forms of organic  s o l i d  waste ,  t h e  most abundant i s  animal manure which 
amounts t o  a t  least  200 MM tons /yr  of o rgan ic   solid^.^ 
manure is t h e  modern beef  c a t t l e  indus t ry  and i t  is i n  t h i s  indus t ry  t h a t  t h e  pol lu-  
t i o n  problems a r i s i n g  from manure d i sposa l  a r e  most extreme. This is because t h e  in-  
creasing s i z e  and concent ra t ion  of modem feed- lo ts  i t e n s i f y  manure d i sposa l  and pol lu-  
t i o n  problems which range from water po l lu t ion  a r i s i n g  from so lub le  n i t rogen  compounds 
i n  t h e  manure t o  seve re  odor problems. 
s i z e  and concent ra t ion  of t hese  feed- lo ts  which make c a t t l e  manure a p o t e n t i a l l y  a t t r a c t -  
i v e  feed s tock  f o r  p i p e l i n e  gas p l a n t s  because c o l l e c t i o n  is s impl i f i ed  and l a r g e r  
s c a l e  p l a n t s ,  which al low t h e  lowest  u n i t  c o s t  product ion of  p i p e l i n e  gas ,  can be b u i l t .  
I n  a d d i t i o n ,  t h e  areas wi th  g r e a t  concent ra t ion  of feed  l o t s  such  as West Texas 2re  
a l s o  a reas  where convenient gas t ransmiss ion  p ipe l ines  a l ready  e x i s t .  

A major con t r ibu to r  t o  t h i s  

But on t h e  o t h e r  hand, it is t h e  increas ing  

I n  t h i s  r e p o r t ,  experimental  d a t a  are presented  showing t h e  q u a l i t y  and y i e l d  of 
p ipe l ine  gas t h a t  can be generated by d i r e c t l y  r eac t ing  cow manure wi th  hydrogen a t  
g a s i f i c a t i o n  condi t ions .  

EXPERIMENTAL 
I 
Procedure 

Except f o r  one experiment conducted wi th  d r i e d  cow manure i n  a continuous f ree-  
f a l l  d i lute-phase r e a c t o r ,  t h e  experiments wi th  manure and s o l i d  wastes were conducted 
i n  a batch au toc lave .  The 
autoclave body is  f i t t e d  wi th  a pyrex g l a s s  l i n e r  i n t o  which t h e  au toc lave  charge is 
placed.  A thermocouple w e l l  covered by a pyrex g l a s s  tube  is i n s e r t e d  i n t o  t h e  l i n e r .  
The f r e e  volume of  t h e  assembled au toc lave  is 1.2 liters; t h e  l i n e r  has  a volume of 
0.7 l i t e r s .  

A drawing of t h e  assembled r e a c t o r  is shown i n  f i g u r e  1. 

The autoclave,  conta in ing  t h e  charge,  is assembled and weighed on a bu l l ion  ba lance .  
The autoclave is  then i n s t a l l e d  i n  t h e  e l e c t r i c  furnace.  The system is f i r s t  purged 
wi th  n i t rogen  to remove t h e  a i r  and then purged wi th  hydrogen t o  remove t h e  n i t rogen .  
Oxygen i n  t h e  hydrogen (usua l ly  0 .1  percent  o r  l e s s )  is removed by passage through a 
vesse l  containing pal ladium on an alumina c a r r i e r .  The oxygen is c a t a l y t i c a l l y  reduced 
t o  water  which i n  t u r n  is removed by passage through a v e s s e l  packed wi th  anhydrous 
calcium s u l f a t e  ( D r i e r i t e ) .  The au toc lave  is then  charged w i t h  hydrogen t o  t h e  des i r ed  
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i n i t i a l  p re s su re .  
t h e  s p e c i f i e d  r eac t ion  temperature, o r  by t h e  hydrogen/sol id  feed  r a t i o  des i red .  

Se lec t ion  of t h e  i n i t i a l  p re s su re  is  governed by t h e  pressure ,  a t  

Upon reaching  t h e  spec i f i ed  p re s su re  i n  t h e  au toc lave ,  t h e  valve on the auto- 
c lave  is closed and t h e  rest of t h e  system is purged with n i t rogen  t o  remove t h e  hy- 
drogen. The au toc lave  is disconnected from t h e  purged system. 

Rota t ion  of t h e  autoclave is s t a r t e d  a t  t h e  same t i m e  t h e  furnace  is energized.  
The hea t ing  rate is 8 O  C p e r  minute. 
temperature  'is l e v e l l e d  of f  a t  a s p e c i f i e d  va lue .  
he re ,  t h e  time a t  reac t ion  temperature  w a s  one hour. 
i n g  t h e  upper s e c t i o n  of t h e  furnace .  Rotat ion is continued u n t i l  t h e  au toc lave  has  
cooled t o  250' C o r  lower. 

React ion time is  t h a t  per iod  during which t h e  
For  a l l  t h e  experiments repor ted  

Cooling is  acce lera ted  by remov- 

The cool ing  rate is about 4" C per  minute down t o  250' C. 

When t h e  au toc lave  has cooled t o  room tempersture ,  it is depressurized a t  approxi- 
The gas i n  t h e  au toc lave  i s  f i r s t  passed through a Nesbi t t  absorp t ion  mately 3 s c f / h r .  

bulb conta in ing  Drierite t o  remove water .  The gas is then metered and seve ra l  samples 
taken t o  determine t h e  gas composition with a gas chromatograph. The absorp t ion  bulb 
conta in ing  D r i e r i t e  is weighed t o  determine t h e  y i e l d  of water  and t h e  char  remaining 
i n  t h e  au toc lave  is weighed and analyzed f o r  carbon and hydrogen so t h a t  an o v e r a l l  
ma te r i a l  balance a s  w e l l  a s  carbon and hydrogen balances can be  made. 

Resu l t s  With Cow Manure 

Operat ing r e s u l t s  obtained from t h e  d i r e c t  hydrogas i f ica t ion  of d r i ed  cow manure 
a r e  t abu la t ed  i n  t a b l e  1. Ult imate  ana lys i s  of t h e  manure used i n  these  experiments 
is  given i n  t a b l e  2.  

The purpose of these  experiments w a s  t o  e s t a b l i s h  t h e  f e a s i b i l i t y  of convert ing 
manure t o  p i p e l i n e  gas  and t o  determine t h e  ope ra t ing  condi t ions a t  which t h i s  conver- 
s i o n  could b e s t  b e  ca r r i ed  o u t .  These r e s u l t s  i n d i c a t e  t h a t  manure is an exce l l en t  
feed  s t o c k  f o r  p i p e l i n e  gas syn thes i s .  
gas  having a hea t ing  value i n  excess  o f  1,000 Btu/scf  w a s  produced a f t e r  simply scrub-  
b ing  ou t  t h e  C O P .  
wi thout  methanation. That t h i s  is poss ib l e  i s  due t o  t h e  h igh  concent ra t ions  of  e thane 
i n  t h e  product gases  from t h e  manure hydrogas i f i ca t ion .  The ethane is  present  i n  such 
h igh  concent ra t ions  because t h e  h igh  r e a c t i v i t y  of t h e  manure allows hydrogas i f ica t ion  
t o  t ake  p l ace  a t  low enough temperatures  f o r  t h e  ethane t o  surv ive  i n  t h e  presence of 
hydrogen. 
formed is  quick ly  converted t o  methane by t h e  r eac t ion  

For  example, i n  runs MH-1 and MH-2 a product 

Thus, i t  is p o s s i b l e  t o  produce a n  exce l l en t  p i p e l i n e  gas from manure @ 

A t  t h e  h igher  temperatures  necessary t o  hydrogasify coa l ,  most o f  t h e  e thane  

C2Hg + H2 + ZCHI+. 

One can v i s u a l i z e  a l t e r n a t e  process ing  opt ions  a v a i l a b l e  f o r  t h e  raw gases  from 
manure hydrogas i f ica t ion .  
well-known water-gas s h i f t  r eac t ion  (CO + H 2 0  Z Cop + H2) t o  g e t  t h e  CO l e v e l  down t o  
acceptab le  p ipe l ine  s tandards  and then scrub ou t  t h e  CO2. 
be  placed d i r e c t l y  i n  a p ipe l ine  wi thout  r equ i r ing  any methanation. 
would be t o  f i r s t  s epa ra t e  t h e  e thane ,  which could b e  s o l d  sepa ra t e ly  and/or  blended 
wi th  t h e  p i p e l i n e  gas. 
a mixture  of CO and Cog.  
amount of C02 removed during scrubbing.  
a d e t a i l e d  process  s tudy  which w i l l  be  publ ished when complete. 

One opt ion  would b e  simply t o  s h i f t  t h e  CO t o  C02 by t h e  

The r e s u l t i n g  gas could then 
Another a l t e r n a t i v e  

In t h i s  case, t h e  p i p e l i n e  gas  would b e  produced by methanating 

These opt ions  are now being inves t iga t ed  i n  
The concent ra t ion  of  C o p  would b e  ad jus ted  by varying t h e  

Ef fec t  of Process  Var iab les  

The primary independent v a r i a b l e s  s tud ied  i n  t h e  ba tch  au toc lave  were t h e  hydrogen/ 
W U U J ~ ~  f e d  r a t i o  and the  r e a c t o r  temperature .  S ince  t h e  r eac t ions  a r e  c a r r i e d  out  i n  
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TABLE 1.- Summary of au toc lave  r e s u l t s  f o r  t h e  d i r e c t  
h y d r o g a s i f i c a t i o n  of cow manure 

Reactor temp., C ......... 
I n i t i a l  p r e s s . ,  p s i g  ....... 
Operat.  p r e s s . ,  p s i g  ....... 
S o l i d  charge,  grams ........ 
Hydrogen charge,  g-moles .... 
Sol id  r e s idue ,  grams ....... 
Carbon i n  charge,  g-moles.. . 
Carbon g a s i f i e d ,  % ....... Gas produced, g-moles ....... 
Water recovered, g-mole .... 

MH-1 
550 
150 

1800 
80 

.562 

2.363 
.963 

.925 

38.8 

39.9 

MH-2 
550 
150 

1630 
80 

.562 
40.6 
2.363 

,967 

.872 
40.4 

MH- 3 
650 
150 

2200 
80 

.562 

2.363 
1.14 

37.0 

41.4 
.967 

MH-4 
550 
150 
750 

20 
.562 

.591 

.65 

.233 

9.3 

50.1 

MH-5 
4 75 
150 

1500 
80 

.562 

2.363 
.811 

1.083 

39.9 

27 .o 

G a s  Analyses ( D r y  and N2-Free*) 

H2 ........................ 13 .1  
co. ........................ .8 

CH4 ....................... 40.3 

C2H6 ...................... 11.7 

co2 ....................... 34.1 

H2S ....................... - 
C3H8 ...................... - 
T o t a l  ..................... 100.0 

11.3 14.4 60.2 30.2 

.7 1.7 4 . 1  .9 
33.5 29.3 10.6 38.7 

42.1 54.2 18.2 21.7 

12.4 .4 6.6 6.5 

. 3  . 2  

1 .8  

100.0 100.0 100.0 100 .o 

*Reported N2-free because t h e  v a r i a b l e  amounts (usua l ly  abou t l% 
of N2 were due t o  N2 from purging sample l i n e s .  
content  of t h e  waste is converted t o  NH3 which is d i s so lved  i n  
water. 

The n i t rogen  

TABLE 2.- U l t i m a t e  a n a l y s i s  of d r i e d  cow manure 

W E  B P  
Carbon ........ 3 r -  
Hydrogen ...... 4.2 
Nitrogen ...... 0.7 
S u l f u r  ........ 0.2 
Oxygen ........ 23.5 (by d i f f . )  
Ash ........... 36 .O 

T o t a l  ... 100.0 

Moisture ... 2.5 
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a batch r e a c t o r ,  s e t t i n g  t h e  feed r a t i o  and t h e  reac tor  temperature determines, among 
o t h e r  th ings ,  t h e  pressure  t h a t  t h e  r e a c t o r  reaches at  t h e  d e s i r e d  temperature. While 
only  a few batch experiments were made, they were s u f f i c i e n t  t o  e s t a b l i s h  f a i r l y  accu- 
r a t e l y  t h e  optimum temperature and roughly t h e  range 'of  hydrogen/manure feed  r a t i o s  
over which it  would b e  reasonable  t o  opera te  a p l a n t  convert ing manure t o  p i p e l i n e  gas. 

Temperature 

Experiments were conducted a t  temperatures of 475,550 and 650' C. The most drama- 
t i c  e f f e c t  of temperature w a s  on t h e  f r a c t i o n  of carbon g a s i f i e d  and on t h e  ethane 
y i e l d .  
g-moles Hp/gram manure. I n  a d d i t i o n ,  a s i n g l e  poin t  is a l s o  shown a t  a HZ/manure r a t i o  
of .028 g-moles/gram i n  f i g u r e  1. As f i g u r e  2 i n d i c a t e s ,  i n  t h e  batch r e a c t o r  operat-  
ing  temperatures above 550' C are de t r imenta l  because t h e  only e f f e c t  of t h e  increased 
temperature is t o  convert e thane t o  methane which consumes hydrogen and which lowers 
t h e  o v e r a l l  thermal e f f ic iency  of t h e  process .  A t  t h i s  p o i n t ,  i t  should be noted t h a t  
i n  a balanced p lan t  in which t h e  hydrogen is i n t e r n a l l y  produced a l l  t h e  carbon i n  t h e  
manure is  u t i l i z e d .  This requi res  t h a t  enough carbon should be l e f t  i n  t h e  char from 
t h e  hydrogas i f ica t ion  s t e p  t o  produce t h e  hydrogen. Prel iminary c a l c u l a t i o n s  i n d i c a t e  
t h a t  t h e  conversion of about 40 percent  of the  carbon fed t o  t h e  hydrogas i f ie r  w i l l  
l e a v e  s u f f i c i e n t  carbon t o  produce t h e  hydrogen required f o r  t h e  hydrogas i f ica t ion  s t e p .  

These t rends are shown i n  f i g u r e  2 at  a constant  HZ/manure feed r a t i o  of .007 

The water  y i e l d  was not  g r e a t l y  a f f e c t e d  by v a r i a t i o n s  i n  temperature over  t h e  
range s t u d i e d  and amounted t o  about 20 w t  p c t  of t h e  manure charged. 
as charged had a moisture content  of only 2.5 w t  p c t ,  most of t h e  water  w a s  formed by 
r e l e a s e  of bound water  o r  by r e a c t i o n  of oxygen i n  the manure wi th  hydrogen. 

Since t h e  manure 

Water was the  only l i q u i d  product  formed i n  t h e s e  tests. No tars o r  oils were 
formed i n  any of t h e  experiments. Thus, t h e  d isposa l  of o r  recyc le  of tars should 
not  b e  a problem i n  a . p l a n t  conver t ing  manure t o  p i p e l i n e  gas. 

HydrogedManure Feed Rat io  

Four of  t h e  f i v e  t e s t s  conducted with manure were made a t  a hydrogen/manure feed 
r a t i o  of .007 g-moles Hp/gram-manure wi th  a s i n g l e  test a t  an increased r a t i o  of .028 
g-moles/gram. As the  da ta  i n  t a b l e  1 and t h e  s i n g l e  point  on f i g u r e  2 i n d i c a t e ,  in-  
c reas ing  t h e  hydrogen/manure feed r a t i o  r e s u l t e d  i n  a s u b s t a n t i a l  i n c r e a s e  i n  carbon 
conversion and the y i e l d  of e thane wi th  a l e s s  s i g n i f i c a n t  increase  in methane y i e l d .  
However, a t  t h e  h igher  hydrogen/methane feed r a t i o ,  both carbon monoxide and dioxide 
would have t o  b e  methanated t o  produce p i p e l i n e  q u a l i t y  gas. I t  is worthwhile not ing  
t h a t  i n  s p i t e  of the  opera t ing  pressure  being considerably l e s s  i n  MH-4 than i n  t h e  
o t h e r  tests, because of t h e  g r e a t e r  void space i n  t h e  r e a c t o r  due t o  t h e  smaller s o l i d  
change, t h e  hydrogen p a r t i a l  p r e s s u r e  i n  t h i s  test w a s  s t i l l  s u b s t a n t i a l l y  higher  than 
i n  t h e  o t h e r  tests a t  550" C .  
p r e s s u r e  of about 2.5 times t h a t  i n  t h e  lower hydrogen/manure r a t io  t e s t s  a t  550" F, 
t h e  o v e r a l l  carbon conversion o r  methane production were not  increased anywhere near  
i n  proport ion t o  t h e  increase  i n  hydrogen p a r t i a l  p ressure .  

Hydrogasif icat ion of Manure i n  a Continuous Reactor . 

However, even with t h i s  increase  i n  hydrogen p a r t i a l  

Because of the promising r e s u l t s  hydrogasifying d r i e d  c a t t l e  manure i n  a batch 
r e a c t o r ,  a hydrogas i f ica t ion  test w a s  made i n  a f r e e - f a l l  di lute-phase (FDP) r e a c t o r  
used f o r  our coa l  hydrogas i f ica t ion  s t u d i e s .  
duc t ing  tests i n  i t  have been d e ~ c r i b e d . ~  

This FDP r e a c t o r  and t h e  method of con- 
To maximize t h e  inf.ormation from the FDP 
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r e a c t o r  run,  t h e  w a l l  temperature was changed over t h e  course of t h e  experiment and 
t h e  response of t h e  gas composition t o  t h e  d i f f e r e n t  r e a c t o r  w a l l  temperatures measured. 
Data from these  experiments a r e  summarized i n  f i g u r e  3. As f i g u r e  3 i n d i c a t e s  i n  t h e  
continuous FDP r e a c t o r ,  t h e  methane y i e l d  increased  g r e a t l y  wi th  increas ing  r e a c t o r  w a l l  
temperature over t h e  range of  r e a c t o r  w a l l  temperatures s tud ied .  
i l l u s t r a t e d  i n  f i g u r e  2 ,  t h e  ethane y i e l d  i n  t h e  FDP r e a c t o r  went through a maximum 
because, as  previously mentioned, with increas ing  r e a c t o r  w a l l  temperature, t h e  r a t i o  
of the  ( r a t e  of  e thane disappearance by hydrogenation t o  methane) t o  t h e  (ethane forma- 
t i o n  r a t e )  increases .  
temperature above 550' C were due to t h e  hydrogenation of e thane  r a t h e r  than t h e  hydro- 
genation of t h e  manure. However, i n  t h e  continuous tests almost a l l  of t h e  methane was 
generated from the  manure over t h e  e n t i r e  range of r e a c t o r  w a l l  temperatures. 

As in t h e  ba tch  t e s t s  

I n  t h e  batch tests increased methane y i e l d s  with increas ing  

It is d i f f i c u l t  t o  make comparisons between t h e  r e s u l t s  i n  t h e  FDP r e a c t o r  and 
those i n  t h e  batch r e a c t o r  because t h e  s o l i d  res idence  time i n  t h e  FDP r e a c t o r  i s ,  a t  
most, a couple of seconds compared t o  t h e  hour res idence time a t  temperature i n  t h e  
batch r e a c t o r  tests. 
hea t  up very rap id ly  as they pass through t h e  r e a c t o r  and, because t h e  t i m e  a t  any one 
temperature is very s h o r t ,  i t  is d i f f i c u l t  t o  speak of a p a r t i c l e  temperature. The 
physical  appearance of t h e  manure a f t e r  hydrogas i f ica t ion  w a s  g r e a t l y  d i f f e r e n t  i n  
batch and FDP experiments. P a r t i c l e s  from t h e  ba tch  r e a c t o r  had the  same phys ica l  
appearance as t h e  feed manure except f o r  being blackened whi le  those from the  FDP . 
r e a c t o r  were spheres  with a very porous i n t e r i o r  i n d i c a t i n g  t h a t  they had sof tened upon 
t h e i r  passage through t h e  r e a c t o r .  I n  appearance they seem almost i d e n t i c a l  t o  the 
char formed by the  hydrogas i f ica t ion  of raw coal .2  
t h a t  t h e  high r e a c t i v i t y  of t h e  r a w  c o a l  with hydrogen i n  t h e  d i l u t e  phase is due to  
a g r e a t  ex ten t  to  t h e  poros i ty  of t h e  p a r t i c l e  which exposes t h e  e n t i r e  p a r t i c l e  volume 
t o  hydrogen. 
i n d i c a t e s  a s i m i l a r  mechanism appl ies  when manure r e a c t s  with hydrogen i n  the  d i l u t e  
phase. 
as evidenced by the  s t e a d i l y  increas ing  carbon conversion wi th  increas ing  r e a c t o r  wal l  
temperature shown i n  f i g u r e  3 cont ras ted  wi th  t h e  l e v e l i n g  o f f  of carbon conversion 
with increas ing  temperature i n  t h e  batch experiments shown i n  f i g u r e  2. 
i n  t h e  phys ica l  s t r u c t u r e  of t h e  p a r t i c l e s  a f t e r  r e a c t i o n  i n  t h e  batch autoclave and 
t h e  FDP r e a c t o r  a r e  due t o  two f a c t o r s .  The f i r s t  is t h e  d i f f e r e n c e  i n  heatup r a t e s  
t h a t  t h e  p a r t i c l e s  i n  t h e  two types of r e a c t o r s  experience.  I n  t h e  batch autoclave,  
t h e  p a r t i c l e s  take  approximately an hour t o  reach a t y p i c a l  r e a c t i o n  temperature whi le ,  
i n  the  FDP r e a c t o r ,  t h e  heatup time is on t h e  order  of t e n t h s  of a second. The second 
f a c t o r  is t h e  d i f f e r e n c e  i n  p a r t i c l e  concent ra t ion  between t h e  two types of reac tors .  
In  the  batch r e a c t o r  t h e  p a r t i c l e s  a r e  i n  contac t  wi th  each o t h e r  o r  t h e  r e a c t o r  wal l s  
and the  void f r a c t i o n  is t y p i c a l  of t h a t  f o r  a f i x e d  bed. 
the  par t ic1,es  a r e  f r e e l y  f a l l i n g  and widely separa ted  wi th  a void  f r a c t i o n  approximately 
95 percent .  
i n  a highly expanded porous p a r t i c l e  t h a t  is r e a d i l y  permeated by hydrogen and hence 
extremely r e a c t i v e .  

In  a d d i t i o n ,  i n  t h e  FDP r e a c t o r  t h e  s o l i d s  are fed i n  cold and 

I n  re ference  4 i t  w a s  pointed out  

The almost i d e n t i c a l  appearance of  the  hydrogas i f ied  manure p a r t i c l e s  

Greater hydrogen a c c e s s i b i l i t y  g r e a t l y  increases  t h e  r e a c t i v i t y  of the  manure 

The d i f f e r e n c e s  

However, i n  the  d i l u t e  phase 

Thus, t h e  combination of shock hea t ing  and unconstrained expansion r e s u l t  

Since i n  la rge-sca le  continuous r e a c t o r  sys t ems ,  t h e  p a r t i c l e  heatup r a t e  w i l l  be  
t h e  same order  of magnitude as t h e  heatup r a t e s  i n  t h e  FDP r e a c t o r ,  one can expect  t h e  
s o l i d s  from such systems to  be more r e a c t i v e  than t h e  s o l i d s  formed i n  t h e  batch explora- 
tory t e s t s  reported here .  
t h e r e f o r e  probably conservat ive.  

The use of t h i s  batch d a t a  f o r  prel iminary process design is 

SUMMARY AND CONCLUSIONS 

Batch experiments show t h a t  c a t t l e  manure is r e a d i l y  converted t o  p i p e l i n e  gas by 
hydrogas i f ica t ion  a t  temperatures low enough t o  allow apprec iab le  y i e l d s  of e thane.  It 
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is  poss ib l e  to  produce a SNG with  a hea t ing  va lue  i n  excess of 1,000 Btulscf  by 
simply hydrogaeifying t h e  manure, s h i f t i n g  a r a t h e r  low (on t h e  o rde r  of 1 t o  2 vol  
p c t )  concent ra t ion  of CO t o  C02,  and scrubbing ou t  t h e  C02 without  any need f o r  
methanation. I n  add i t ion ,  i t  wae found t h a t  no t a r s  o r  o i l s  were produced from 
manure hydrogas i f ica t ion  i n  s p i t e  of t h e  r e l a t i v e l y  low temperatures. 
made wi th  c a t t l e  manure i n  a continuous f r e e - f a l l  di lute-phase r eac to r  ind ica ted  t h a t  
t h e  manure i n  such a r e a c t o r  system is  more r eac t ive  than i n  t h e  batch r eac to r  because 
of t h e  much h igher  heatup r a t e s  and t h e  low concent ra t ion  of  p a r t i c l e s  i n  t h e  d i lu t e -  
phase r e a c t o r .  

An experiment 
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Figure I - Schematic diagram o f  autoclave. 
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Figure 3- Ef fec t  of reactor wal l  temperature on 
hydrogasification gas yields from dried 
cattle m a n u r e .  
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